The association between micronutrients and gastric cancer is still unclear. The aim of this study is to determine the relationship between dietary intake of micronutrients and risk for gastric cancer. We used data from hospital-based case control study conducted at Clinical Centre Nis (Serbia) from 2005 and 2006. Patients (n=102) with first histologically confirmed gastric cancer and matched non-cancer patients (controls, n=204) were interviewed using structured questionnaire and FFQ (Food frequency questionnaire). Multivariate logistic regression analysis showed a significant positive association between gastric cancer and dietary intake of sodium (OR=6.22; 95%CI 1.99-7.86), but a significant negative association between potassium (OR 0.01; 95%CI 0.00-0.08), iron (OR 0.05; 95%CI 0.01-0.56), vitamin C (OR 0.05; 95%CI 0.01-0.38), vitamin E (OR 0.04; 95%CI 0.01-0.29) and niacin (OR 0.07; 95%CI 0.00-0.38) dietary intake. Intake of phosphorus, calcium, magnesium, zinc, retinol, β carotene, tiamin, vitamin B6, and folic acid was not significantly related to gastric cancer risk.
Introduction
Different dietary and non dietary factors and genetic susceptibility are involved in gastric carcinogenesis [1] . High dietary intake of fruits and vegetables is associated with decreased incidence of gastric cancer [2, 3] . This inverse relationship may be explained through the high concentrations of micronutrients, such as antioxidants (vitamin C, carotenoids, vitamin E, folic acid, and etc) in these foods. They protect gastric mucosa from oxidative stress associated with Helicobacter pylori infection, high salt consumption and nitrate and nitrite intake from food (processed meat and pickled vegetables) [4] .
Vitamin C is an antioxidant and an inhibitor of carcinogenic nitrosamines production in the stomach, and also an inhibitor of gastric cancer cell and H. pylori growth [5] . Astaxanthin (carotenoid) including antioxidant propriety show also antimicrobial activity against H. pylori and modulate immune responses [6] . Low dietary intake of folate and vitamin B6 could potentially promote gastric carcinogenesis in individual genotype [7] . Pra et al. have indicated increased risk of gastrointestinal cancers among individuals with low iron intake [8] . Minerals such as copper, zinc and iron have clinical efects in combination with phytochemicals of the food and H. pylori infection [9] .
In the literature to date, the relation between the intake of dietary micronutrients and the risk of gastric cancer has been considered in several epidemiologic studies. The results are often contradictory and inconsistent.
The objective of the present case-control study was to examine correlation between dietary micronutrients and the risk of gastric cancer in Nis Serbia.
Materials and methods
A hospital based case control study was conducted in the Surgery Clinic of University Hospital in Nis between January 2005 and December 2006.
The study group consisted of 102 patients with histologically confirmed gastric adenocarcinoma and 204 controls matched by age (±3y) -, gender-, and residence. All study subjects resided in the same geographical area. Controls was patients admitted to the same hospital as cases for acute non-neoplastic diseases. The age of patients with gastric cancer ranged from 45-85 years (mean ± SD= 65.8±9.3) and control ranged from 45-83 years (mean ± SD= 65.8±9. 8) Cases and controls were interviewed during their hospital stay by a physician, in a hospital setting. All cases and controls were recruited on a voluntary basis. A questionnaire requesting socio demographic information included information on age, education and history of selected diseases. A food-frequency questionnaire -FFQ based on those by Willette [10] was used to assess subjects' habitual diet, including information on weekly frequency of consumption of specific foods (98 items) in course of 1 year prior to cancer diagnosis or hospital admission (for controls). Micronutrient values in food were obtained from national food composition tables by Jokić et al. [11] but this database contains a limited numbers of food samples and also minerals and vitamins. For this reason we used also, USA Department of Agriculture food composition tables [12] .
Statistical methods
Univariate logistic regression was performed to calculate risk for gastric cancer for selected variables (fruits and vegetables intake (>400g/day), use of vitamin/ mineral supplements, smoking habits and addition salt of meals).
Odds ratio (OR) and the corresponding 95% confidence intervals (CI) were computed by tertile of daily dietary micronutrients intake, using multivariate logistic regression models. The lowest level of consumption (I tertile) was used as the reference category in the estimation. p< 0.05 was considered statistically significant. Backward method was performed. Only important controlling variables (p<0.1) were included in final models. Tested variables (dietary micronutrients-vitamins and minerals) were considered as unconditional. Analyses were carried out by the SPSS version 10.1 software. Table 1 shows the distribution of gastric cancer cases and control subjects according to selected variables.
Results
The distribution of cases and controls according to use of dietary supplements was similar. Controls had reported more frequent intake of fruits and vegetables (>400g/ day) in diet (OR= 0.24, 95% CI: 0.14-0.41). Cases were more likely to be smokers (OR= 2.10, 95% CI: 1.21-3.65). We also found an increasing risk of gastric cancer among who had a preference for higher salt intake (OR= 4.67, 95% CI: 2.49-8.82).
Multivariate logistic regression showed ( Table 2 ) that higher dietary potassium intake (OR the highest vs. the lowest tertile = 0.01, 95% CI: 0.00-0.08) was associated with a reduction in gastric cancer risk. Total sodium intake (OR= 6.22, 95% CI: 1.99-7.86) was associated with an increased risk of gastric cancer. An inverse relationship was found for high iron intake (OR= 0.014, 95% CI: 0.01-0.56) Dietary intake of phosphorus, calcium, magnesium and zinc were not significantly related with gastric cancer risk. The relationship between dietary vitamins intake and risk of gastric cancer is shown in Table 3 .
With reference to vitamins (Table 3) , there was a significant inverse association between gastric cancer risk and dietary intake of vitamin C (OR= 0.05, 95% CI: 0.01-0.38), vitamin E (OR= 0.04, 95% CI: 0.01-0.29) and niacin (OR= 0.07, 95% CI: 0.02-0.38). We did not observe any significant association between dietary intake of retinol, β-carotene, thiamine, vitamin B6, vitamin B12 and folic acid and gastric cancer risk.
Discussion
In the present study, use of supplements and multivitamins is uncommon, and for this reason our findings was attributed to dietary micronutrients only. Meta analysis by Bjelakovic et al. did not find evidence that supplementation of antioxidants (beta-carotene, vitamin A, vitamin C, vitamin E, and selenium) prevented gastrointestinal cancers [13] . Recent reviews of both cohort and case-control studies have examined the relationship between gastric cancer and dietary vitamin C intake. In most of the previous case control studies [14] [15] [16] [17] [18] but not in all [19] the risk of gastric cancer has been linked to low vitamin C diet. Our data supports the hypothesis that dietary vitamin C was inversely associated with gastric cancer.
Results of prospective studies are inconsistent. Vitamin C intake was nonsignificantly inversely associated with risk of gastric cancer in the Iowa Women's Health Study [20] and with noncardia gastric cancer in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study [21] .
In the Netherlands Cohort Study [22] , high vitamin C intake was associated with reduced risk of gastric cancer and in case-control study nested within the EPIC study, dietary vitamin C intake was not associated with gastric cancer risk [23] .
However, because dietary vitamin C intake was significantly correlated with other protective compounds such as phytochemical (mostly from similar food resources), we cannot exclude the possibility that this protective effect from vitamin C may in part have resulted from these compounds [24, 25] .
Vitamin E occurs in eight structurally related forms [26] . Results of two in vitro studies indicated that gamma tocotrienol (one of eight forms of vitamin E) can inhibit proliferation and stimulate apoptosis of gastric cancer cells [27, 28] . The main sources of γ-tocotrienol are cranberries, cabbage, kiwi, plums, and corn products [29] .
We found that vitamin E intake might decrease this risk. Previous case control studies did not observe statistically significant association between dietary vitamin E intake and gastric cancer [16, 19, [30] [31] [32] [33] or observed inverse association [4, 17, 18, [34] [35] [36] .
Results of prospective studies of dietary intake in relation to gastric cancer risk have been conflicting. In the EPIC study no correlation were observed with dietary vitamin E intake [37] and gastric cancer. Evidence from Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study [21] , showed that dietary tocopherol intakes were significantly inversely associated with noncardia risk of gastric cancer, but significantly positively associated with gastric cardia cancer. Other prospective studies [22, 20, 38] relating to dietary intake vitamin E and gastric cancer risk reported no association.
Our study and also previous case-control studies in Venezuela [39] , Italy [19] and Belgium [15] , but not in USA [30] have consistently shown a strong association between dietary niacin intake and reduced gastric cancer risk.
Ingestion of sodium chloride (salt) directly damaging the gastric mucosa, causing gastritis, and potentially aiding in the colonization of H. pylori is therefore one plausible explanation for the association with risk of gastric cancer. As it was expected, our results for dietary sodium are consistent with most previous studies [19, 32, 36] , but not all [38] which observed increased risk of gastric cancer with higher total sodium consumption. Our study and also, study in United States observe a statistically significant inverse association between dietary potassium intake and risk of gastric cancer [30] . In contrast, case control studies in Venezuela [39] and two in Italy [19, 40] found no significant association between dietary intake of potassium and risk of gastric cancer. Fruits and vegetables are the main sources of potassium, and our previous study showed the protective effect of fruits and vegetables on the risk of gastric cancer among the same subjects as those in this present study. We found that dietary iron intake might decrease the risk of gastric cancer. The decreased risk of gastric cancer associated with high dietary intake of iron is difficult to explain. Harrison et al. [30] observed also a statistically significant decrease in the risk for intestinal type of gastric cancer only. Two other case control studies [36, 40] did not find association with dietary iron intake and gastric cancer risk.
Our study had certain limitations. This study had a relatively small sample size, and we did not obtain information on Helicobacter pylori infection. H. pylori infection is associated with an increased risk of gastric cancer, and also has been liked with the micronutrients deficiency (vitamin B12, folic acid, vitamin C, α-tocoferol, β-caroten) [41] .
Despite these limitation, the protective effect of micronutrients may be important when H. pylori infection is present. High intake dietary vitamin C showed the protective effect from gastric cancer among H. pylori infected subjects [5] .
Further studies in a large number of subjects will be necessary to clarify the interaction between the various dietary micronutrients and risk of gastric cancer.
